Objectives: This systematic review was conducted to explore whether nutritional supplement can improve the benefits of exercise intervention on sarcopenia in the elderly. Methods: Databases, including PubMed, Embase, Cochrane Library, Web of Science, CINAHL, CBM, CNKI, WANFANG, and VIP, were searched. All related papers with randomized controlled trials (RCT) methodology that were included in the databases from inception to 19 July 2016 were selected for the study. The tool "assessing risk of bias" from Cochrane Handbook 5.10 was used to evaluate the quality of included papers. A meta-analysis of eligible studies was performed using Stata12.0. Data that we were unable to convene or merge were subjected to descriptive analysis. Results: Six trials were included in our study, which included 429 elderly patients with sarcopenia. The overall methodological quality of the trials was moderate. Compared with the exercise group, patients who were given nutritional supplements gained a bigger boost in fat-free mass (standard mean difference (SMD) ¼ 5.78, 95% CI: 5.17 to 6.40, P ¼ 0.000) and muscle mass (SMD ¼ 2.048, 95% CI: 0.907 to 3.189, P ¼ 0.000), as well as showed enhancement of keen extension strength (SMD ¼ 1.08, 95% CI: 0.71 to 1.45, P ¼ 0.000) and usual walk speed (SMD ¼ 0.570, 95% CI: 0.19 to 0.95, P ¼ 0.003). Conclusion: Nutritional supplementation may magnify the effect of exercise intervention on sarcopenia elderly in terms of muscle mass, muscle strength, and physical performance. Inconsistencies were present among research studies. More robust studies are needed to determine the most suitable type of nutrient and target population and to explore the actual role of combined intervention in managing sarcopenia in the elderly.
Introduction
With the increasing number of elderly people, many countries have entered into the graying society. Aging is accompanied with inevitable muscle reduction. The severity of reduction varies from person to person, and severe muscle loss may lead to sarcopenia [1, 2] , which is a disease prevailing in the elderly, with an incidence of 5%e13% in people who are 60e70 years of age, and 11%e50% in people older than 80 [3, 4] . No standard definition of sarcopenia exists; however, according to the European Working Group on Sarcopenia in Older People (EWGSOP): 'sarcopenia is an age-related syndrome characterized by progressive and generalized loss of skeletal muscle mass and function with a risk of adverse outcomes such as physical disability, poor quality of life, and death'. They proposed the diagnosis of sarcopenia using the criteria of low muscle mass and low muscle function (either low strength and/or low physical performance) (Page.748) [5] . Sarcopenia leads to huge medical expenses and wastes medical resources; the estimated direct health care cost caused by sarcopenia in the United States were $18.5 billion in 2000 [6] . Sarcopenia is a major cause of frailty [7] , and significantly predicts future mortality in older adults [8, 9] . Effective measures are needed to slow down or even reverse the progress of sarcopenia in the elderly in order to reduce the incidence of undesirable clinical outcomes, lessen medical costs, and improve the quality of life of patients. Exercise interventions exert certain positive effects on elderly patients with sarcopenia [10] . The role of nutrition in sarcopenia has always attracted great attention. The balance between protein synthesis and decomposition definitely plays a pivotal role in the regulation of skeletal muscle mass [11] . Muscle protein metabolism is dependent on the adequate intake of dietary-derived nutrients [12] . The incidence of malnutrition ranges from 5% to 20% in community-dwelling elderly, and exceed 60% in institutionalized older adults [13] . Sarcopenia may be caused by nutritional deficiency [5] . Nutritional interventions which supply adequate energy and specific nutrients could be promising in preventing and/or reversing the progress of sarcopenia [14, 15] ; on the contrary, a meta-analysis study expressed disagreement [4] . Some researchers combined exercise interventions and nutritional supplements and analyzed interaction effects between them. Nutritional supplementation can improve the effect of exercise in healthy people [16] and can increase the effect of exercise intervention in sarcopenia. However, this conclusion was merely based on theoretical deduction, and an empirical study was lacking [17e19,37] . According to a review by Denison, dietary supplementation enhanced the benefits of exercise training in elderly patients with sarcopenia; however, the target population in his study was diversified, including not only elderly patients with sarcopenia, but also hospitalized elderly and other population [20] . Studies that focused on the combined effect of exercise and nutritional interventions on sarcopenia in the elderly are rare, and the conclusions were not unified. No systematic review has been conducted to evaluate the role of combined interventions exclusively in sarcopenia in the elderly. Our systematic review aims to gain a reliable conclusion and provide reference for clinical intervention by making a comparative analysis of related trials.
Methods

Eligibility criteria
Our systematic review included trials with the following characteristics:
Types of participants
Participants must show symptoms that are in accordance with the EWGSOP diagnostic criteria [21] for sarcopenia. They should be aged 65 years old or older.
Types of interventions
Trials that involved both nutritional supplementation and exercise training were selected. All types of exercise, such as aerobic, resistant, and mixed exercise were included. Nutritional supplementation involved offering participants nutrients, such as proteins, amino acids, leucine, whey proteins, and vitamin D during the exercise intervention. Nutritional supplementation was performed before, during, or after exercise training.
Type of control group
The control group only received exercise intervention.
Types of outcomes
Muscle mass (MM) was chosen as primary outcome, and muscle strength and physical performance as secondary outcomes. In reference to the consensus from EWGSOP [21] , common measurements of MM included anthropometry (height, weight, and BMI), fat-free mass (FFM), fat mass (FM), and muscle mass (MM). Handgrip strength, knee flexion/extension, and peak expiratory flow were used as indicators for muscle strength. Short physical performance battery (SPPB), usual gait speed, get-up-andgo test, timed get-up-and-go test, and stair climb power test were performed to frequently measure the physical performance of patients.
Type of study design
Randomized controlled trials (RCTs) were included in this study.
Search strategy
From inception to 19 July 2016, we used MeSH terms, titles, and key words to search electronic databases, including PubMed, Embase, Cochrane Library, Web of Science, CINAHL, CNKI, CBM, WangFang, and VIP. Fig. 1 shows an example of strategies used to search the PubMed database.
Study selection
After removing duplicate articles, two researchers selected preliminary articles by reviewing the titles and abstracts independently. Subsequently, the full texts were reviewed to determine whether the trials met the eligibility criteria. Disagreements between researchers were resolved by a third researcher (Fig. 2) .
Data extraction
Two independent researchers extracted data, which included the following categories: author, issuing time, participants, number of participants, sex distribution, age, details of exercise intervention and nutritional supplement, outcome measures, and main findings. We contacted the author(s) when the required data were not available in their published manuscripts.
Risk of bias
The quality of the trials was assessed by applying the 'risk of bias tool' from Cochrane Handbook 5.10 [22] . All steps were performed independently by two investigators, and a third researcher was consulted for suggestions whenever discrepancies existed and decisions were difficult to make. The evaluation included sequence generation, allocation concealment, blinding of participants, personnel or outcome assessors, completeness of outcome data, and selectivity of outcome reporting.
Data analysis and synthesis
The meta-analysis was performed using the Stata software (Version 12.0). For continuous outcomes, pooled effects were assessed by calculating their standardized mean differences (SMDs) with 95% confidence intervals (CIs). SMD was calculated based on the difference of changes in values from the baseline values. The standardized mean change was obtained by subtracting the final mean value from the mean value at baseline. Standard deviations for statistical results were referred from other studies of a similar meta-analysis [23] . Statistical heterogeneity among selected studies were quantified by determining values for I 2 ; where I 2 < 30%, I 2 > 50%, and I 2 > 75% were defined as moderate, substantial, and considerable heterogeneity, respectively. To eliminate clinical heterogeneity, we conducted subgroup analyses based on the type of nutrients. If no statistical difference was obtained among subgroups where I 2 <50% and heterogeneity (P ! 0.1), the fixed effect model was used for meta-analysis; however, if statistical heterogeneity existed among subgroups (P < 0.1), a random effect model was used. P < 0.05 for the difference was considered statistically significant. Data that we were unable to convene or merge were subjected to descriptive analysis.
Results
Study selection
A total of 7406 articles were found in the preliminary examination. After excluding duplicates, 6643 articles satisfied our eligibility requirements. Full-text reports were obtained for 59 studies after reading the title and abstract. Among the 59 studies, 54 did not meet our inclusion criteria because of the following reasons: the target population was not only sarcopenia patients (n ¼ 39), the interventions were not combined intervention (n ¼ 12), and the articles were protocols (n ¼ 3). Ultimately, five studies [24,25,27e29] were included in our systematic review. One [26] additional trial was later included through retrieving references cited in the original five studies. A flow chart describing our search strategy and article retrieval results is shown in Fig. 2 .
Study characteristics
The six included studies [24e29] were published from 2012 to 2016 (Table 1) , and conducted in Germany [24] , Canada [25, 26] , Italy [27] , Japan [28] , and Malaysia [29] . The number of participants in the studies ranged from 26 to 155, and a total of 429 participants from the six studies were enrolled. All participants had been diagnosed with sarcopenia and were over 65 years old. The experimental group in each study received nutritional supplements during exercise intervention, while subjects in the control group were subjected to exercise training only.
Intervention characteristics
Protein supplements were used in four studies [25, 26, 28, 29] , whereas collagen peptide [24] and a mixture of whey protein, amino acids, and vitamin D [27] were chosen in the other two studies. The amount of proteins supplied were 6e40 g/day and 15 g for collagen peptide. The forms of exercise training included resistance exercise or combined exercise (e.g., resistance exercise combined with aerobic training). Both exercise interventions were performed for 1.5e3 h/week and lasted for 12 or 16 weeks. Variations among interventions used in six included studies existed.
Study quality (risk of bias)
The Cochrane risk of bias tool was used to assess the methodological quality of the six selected trials. Results are shown in Table 2 . Three articles [24, 25, 27] used the sequence generation method correctly, whereas the other three [26, 28, 29] only referred to a random method without a detailed explanation. Two articles [25, 26] employed an allocation concealment method, whereas the other four did not mention their concealment method. Five articles used a double blind method, whereas the study [29] failed to mention the blinding procedure used. All included trials mentioned reasons for patients lost to follow up, with no selectivity of outcome reporting.
Outcomes
The six studies in our systematic review reported three types of outcomes, including muscle mass, muscle strength, and physical performance.
Muscle mass
Sarcopenia is characterized by significant reduction in muscle mass [9] . MM is the most important clinical outcome index to evaluate the intervention effect which include anthropometry (height, weight, BMI), fat free mass (FFM), fat mass (FM), MM, and so on.
Body mass index (BMI).
A total of 275 participants from four trials received protein during exercise intervention [25, 26, 28, 29] , whereas 69 participants received a mixture of whey protein, amino acids, and vitamin D in one other trial [27] . These five trials used the BMI to examine whether nutritional supplement could amplify the effect of exercise on muscle mass (Fig. 3) . Our systematic review revealed no significant difference between the combined group and exercise group concerning BMI (SMD ¼ 0.621, 95%CI: À1.71 to 2.96, P ¼ 0.60). The subgroup analysis across different types of nutrient exhibited the same outcome, which may be caused by differences in target population among trials. The study conducted by Shahar [29] illustrated that combined intervention could significantly reduce BMI (SMD ¼ À1.202,95%CI: 1.94 to À0.46) in community sarcopenia in the elderly; on the contrary, Rondanelli [27] demonstrated that BMI was increased instead of reduced after combined intervention (SMD ¼ 5.565, 95%CI: 4.8 to 6.3) in hospitalized people. In hospitalized people, the baseline nutritional status was poorer and malnutrition was more common than in the community population. Hospitalized elderly with sarcopenia tended to be more sensitive to nutritional supplements, which may have accounted for the phenomenon that BMI did not decline, but rather, increased after exercising. [24] , one used protein [28] , and the others employed a mixture of whey protein, amino acids, and vitamin D [27] ) showed that nutritional supplement significantly boosted outcomes in FFM (SMD ¼ 5.78, 95% CI: 5.17 to 6.40, P ¼ 0.00) (Fig. 4) . According to nutrient types, the subgroup analysis was conducted to show that all kinds of nutrients (collagen peptide, proteins, and mixed nutrients) could fortify the effect of exercise training by increasing the FFM of patients.
3.5.1.3. Fat mass. Three trials (collagen peptide [24] , protein [25] , and a mixture of whey protein, amino acids, and vitamin D [27] were used) reported a change of FM in their participants (Fig. 5) .
Although we failed to find a significant difference between the combined intervention and control groups, pooled SMD notably showed a reduced trend in FM (SMD ¼ À2.51, 95% CI: À6.16 to 1.13). Zdzieblik [24] 
Muscle strength
According to the European Consensus on Definition and Diagnosis of Sarcopenia, grip strength (GS), knee flexion/extension, and peak respiratory flow rate (Peak) were common outcome indexes for muscle strength [21] , of which GS is the most popular.
3.5.2.1. Grip strength. Rondanelli [27] discovered a statistical difference (Fig. 7) between combined intervention group (using a mixture of whey protein, amino acids, and vitamin D as nutrients) and exercise group in GS (SMD ¼ 8.773, 95%CI: 7.64 to 9.90). Shahar provided patients with proteins during exercise training, but unfortunately found no difference (SMD ¼ À0.475, 95%CI: À1.16 to 0.21) [29] , which is possibly because GS is a measure of upper body strength, and the focus of the exercise intervention used was the lower body. Thus, both the combined and exercise groups showed no improvement in GS.
Keen extension strength.
Two trials (collagen peptide [24] and proteins [28] were selected) observed the change of muscle strength using the knee extension strength (Fig. 8) . The upshot confirmed the observation that nutrition supplements may further strengthen knee extension (SMD ¼ 1.08, 95% CI: 0.71 to 1.45) in the elderly during exercise training.
Physical performance
Commonly used outcome indexes for physical activity includes short physical performance battery (SPPB), usual walk speed, timed get-up-and-go test, and stair climb power test [21] , of which SPPB, usual walk speed, and get-up-and-go test were frequently used in the clinic.
3.5.3.1. Usual walk speed. The pooled results of two RCTs [26, 28] demonstrated that usual walk speed has been enhanced in protein and exercise group (Fig. 9) (SMD ¼ 0.570, 95%CI: 0.19 to 0.95). When taking only the RCT of Maltais into consideration [28] , protein supplementation failed to improve the effect of exercise on usual walk speed of patients (SMD ¼ 0.333, 95% CI: À0.60 to 1.27; SMD ¼ 0.383, 95% CI: À0.56 to 1.32). The result may be due to the small sample size in the trial.
Other indexes.
The score of the sitting-and-walking test [26] was higher in amino acid supplementation-combined intervention group than the control group (P < 0.05). Suzana [29] arrived at the same conclusion using the arm curl test; the score in the exercise group was even higher than that in the combined group.
Discussion
Summary of main results
To the best of our knowledge, this is the first systematic review that examines whether nutritional supplementation while conducting exercise training can bring more benefits to elderly patients with sarcopenia. Nutritional supplements may effectively magnify the effect of exercise intervention on muscle mass, muscle strength, and physical performance, although disagreements existed.
Applicability of evidence
The etiology, clinical manifestations, and prognosis of sarcopenia in young people and elderly are significantly different. Because the majority of sarcopenia patients are elderly, our systematic review only focused on patients older than 65. Considerable differences exist with regard to the diet structure and body composition between Western and Eastern people. The trials chosen by our study were conducted in both Western and Eastern countries to generalize conclusions. Furthermore, these trials enrolled both hospitals and community patients with sarcopenia, and considered the diversity of disease severity, which could support the idea that the results of our systematic review could be applied to the majority of the older people living with sarcopenia.
Quality of evidence
Our systematic review only included several trials, and the types of exercise intervention and nutritional supplement were not exactly the same. Thus, the specific type of nutritional supplement that is effective during exercise intervention in elderly patients with sarcopenia remains to be further explored. Additionally, the overall quality of evidence was medium, and our results may have been affected by bias.
Agreement and disagreement with other articles
We found that nutritional supplementation can amplify the effect of exercise intervention on FFM in elderly patients with sarcopenia, which is consistent with the review of Cermak [30] . Nutritional supplementation improves net muscle protein synthesis. However, other studies [31e36] reported that combined intervention exerts a small effect size on FFM among middle-aged and elderly population. This discrepancy may be due to the difficulty for elderly patients with sarcopenia to gain benefits from nutritional supplementation. Most of the elderly decreased their dietary intake proportionally after receiving nutritional supplements, thus the total daily energy intake remained substantially unchanged [37] . In addition, the amount and composition of nutrients provided to patients varied in studies, which may have caused the divergence. Therefore, it is vital to determine the appropriate amount when administering nutritional supplements. Although proteins promote the absorption of energy [38] , the effect stops when intake exceeds a certain threshold [39] . Some experts recommend taking 25e30 g high-quality protein per meal, which may be a promising intervention for preventing and slowing down the progress of sarcopenia [40] . According to the latest guideline in China, "nutritional support of elderly patientsda common understanding of nutritional support" [41] , high quality proteins at least up to more than half of the daily requirement of protein, such as leucine-rich oral amino acids, help to promote muscle protein synthesis. In our systematic review, the addition of nutrients failed to remarkably lessen FM compared with the exercise group, which was contradictory to a meta-analysis involving healthy people [42] . Possibly, the reason for the discrepancy is that Rondanelli [27] chose hospitalized elderly patients with sarcopenia as the target population, thus the baseline FM is extremely low that an apparent decline after intervention is difficult to achieve.
Nutrients also play a vital role in muscle strength. Prolonged disuse of muscle in many elderly, such as resting due to osteoporosis, leads to changes in protein synthesis and breakdown, which seriously decreases muscle strength [43] . Available data suggested that proteins could stimulate muscle protein anabolism, which can overcome 'anabolic resistance' developed with aging, and maintain muscle mass and function in combination with exercise training [44, 45] . In our meta-analysis, proteins further strengthened knee extension strength compared with exercise training alone. Regrettably, we failed to find difference between protein supplement groups and exercise groups with regard to grip strength [29] , which may be due to different selection of outcome indexes. Shahar chose GS as index, which measures the strength of upper body, whereas the exercise intervention focused on the lower body. Consistent with Paddon-Jones [40] , we found that using a mixture of whey protein, amino acids, and vitamin D as nutrient demonstrated an obvious improvement in GS. The physical condition of patients and their preferences should also be taken into account when choosing nutrients [46] . The target population of trials were different in our meta-analysis. The baseline nutritional status may have a great impact on outcomes. The nutritional status of hospitalized elderly with sarcopenia is worse than those in community people; thus, they may benefit more from nutritional supplementation. This hypothesis is supported by De Jong [47] . Denison [48] proposed that nutritional supplements are only beneficial in malnourished people who live with sarcopenia.
Regarding physical performance, we found that some indexes were improved, whereas others were not. Only two studies measured usual walk speed, and found that the effect of exercise was improved when the patients were given nutrients. This result was similar to a previous report on community-dwelling, frail Japanese women [49] . Michelle [50] presented a contrary conclusion. More RCTs with large sample size are still required to resolve differences among studies.
Limitations
Our systematic review has some limitations that should be mentioned. The first limitation concerns the number of articles. Although we used a comprehensive search strategy to retrieve related trials, due to language barriers and other limitations, only six studies were included in our systematic review, of which two were the same experiment using different outcome indexes, and may have influenced the robustness of our evidence. Second, studies in our systematic review were only of moderate methodological quality because the criteria were unclear and the design permitted a high risk of bias, which inevitably affected the results of our analysis. Third, the studies included in our research were all conducted in foreign countries, and the reliability of the conclusions may have been affected by differences in living environment, dietary structure, and physical condition of the population. Therefore, clinical practitioners should consider racial and cultural differences when attempting to apply our results. Lastly, involving a large sample of randomized controlled trials in our country is necessary to verify the accuracy of the results.
Implications for further research
The main finding of our systematic review is that nutritional supplementation may enhance the benefits of exercise intervention in elderly patients with sarcopenia at some degree. Noting that only 6 studies were included, the conclusion is limited. Many outcome indexes for muscle mass or strength exist, and different studies adopted different indexes. Pooling the data and evaluating the effect of combined intervention is difficult to achieve. The small sample size in the present study is another problem. More rigorous, large-scale RCTs are needed, and more attention should be paid in setting the gold standard for evaluating the effects of an intervention. From the systematic review, we can find that the types, quantity, and timing of nutritional supplementation are different, highlighting the importance of choosing nutrients and finding the most appropriate time for administration in future studies. The baseline nutritional status of participants is another key factor. Possibly, the improved effects of exercise intervention by nutritional supplementation would only be expected in the malnutrition sub-group. Future studies can explore whether there is a need for nutrition status screening before the intervention in order to gain the maximum benefits.
Conclusion
Supplying nutrients during exercise intervention may magnify the effects for elderly patients with sarcopenia; however, existing evidence are inconsistent. Taking into account the small number of trials included in this systematic review, more robust studies are needed to establish the actual efficacy of combined intervention in sarcopenia elderly.
